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SUMMARY 
Tests we.re conducted on a 1600-pound -thrust centrifugal-flow-
type turbojet engine equipped with an NACA designed adjustable-area 
exhaust nozzle and with a series of fixed-area nozzles of various 
throat diameters . The effective area range obtained on the 
variable -area nozzle corresponded to the area change accompanying 
a variation in fixed-area-nozzle throat diameter of from 11.1 to 
12 . 6 inches . 
A comparison of the performance data of the engine obtained in 
the two series of tests indicated that the adjustable-area nozzle 
was as efficient as the fixed -area nozzles tested. 
INTRODUCTION 
In their present stage of development, it is advantageous to 
provide existing .jet -propulsion engines with a method of augmenting 
their power output for take-off, climb, and during combat when 
sudden bursts of power may be necessary. Investigations of methods 
of providing this momentary power increase indicated the desirability 
of a variable -area exhaust nozzle. When used in conjuncti0n with an 
augmentation scheme, an adjustable -area exhaust nozzle should permit 
the turbine -discharge temperature, which is a measure of the turbine-
bucket temperature, to be maintained at its normal value. An ad.justable -
area exhaust nozzle is also valuable for normal operation because the 
engine ~y be operated at maximum efficiency or maximum power output, 
over a wide range of engine inlet temperatures and pressures and airplane 
speeds, by adjusting the discharge nozzle area. 
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Certain jet engines are equipped with an ad,justable-area dis -
charge nozzle of the following type: The inner exhaust cone, behind 
the turbine, is equipped with a movable conical end section. This end 
section extends beyond the circular noz zle opening and thus provides 
an annular discharge area, ilhich may be varied by moving the conical 
end section along the axis of the engine. The adjustable-area exhaust 
nozzle described in this pa~8r is intended for use nn jet engines not 
equipped with a means of varying the discharge nozzle area. 
This report presents performance data obtained during April 1945 
at the NACA Cleveland laboratory on a lGOO-pound-thrust centrifugal-
flow-type turbo ,jet engine equipped with an NACA desiBned adjustable -area 
exhaust nozzle . In order to obtain a basis of comparison, performance 
data were also obtained on the engine equiplled with straight-sided 
fixed-area nozzles of various throat diameters. 
DESCRIPTION OF APPARATUS 
The adjustable-area exhaust nozzle used for the test reported 
herein (see fig . 1) conststs of a spherical nozzle with a circular 
discharge area equipped ~ith two adjustable flaps . Both the n~zz le 
and the flaps are so made that their surfaces lie on concentric 
spheres, thus allowing relative motion between the flaps and the 
nozzle without changing the radial clearance between them. Inasmuch 
as relatively large clearances are used between the flaps and the 
nozzle to prevent sticking at high operating temperatures, thin metal 
sealing strips (fig . 1) are prOVided to prevent leakage. The flaps 
are adjusted by a screw-operated linkage. The linkage was designed 
only for test purposes and is not intended for use in fiight installa-
tions . The nozzles used for comparison (fig . 2) were straight-sided 
fixed-area nozzles with throat diameters varying from 11.5 to 
13 .5 inches and with equal angles of taper. 
The nozzle tests described in this report were conducted with 
the nozzle mounted on a 1600 -pound -thrust centrifugal-flow-type 
turbo ,jet engine . The installation of the adjustable-area nozzle on 
the jet engine is shown in figure 3 . 
TEST :PROCEDURE 
In order to adjust the nozzle through its entire range, that 
is, from the full-closed to the full-open position, 24 turns of the 
adjusting screw were required . Tests were conducted at 0, 6, 12, 18, 
and 24 turns open . The throat diameters of the fixed-area nozzles 
used to obtain a basis for comparison were 11 .5, 1210, 12.5, 13 .0, 
and 13 .5 inches . 
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Tests were conducted in the following manner : For a given 
position of the ad,justable nozzle or for a given fixed-area nozzle 
size, performance data were obtained at various rotor speeds ranging 
from 12,000 rpm to either 16 , 500 rpm or to the speed corresponding 
to the maximum allowable tail -pipe gas temperature . This -procedure 
was repeated for all fixed-area nozzle sizes and for several positions 
of the adjustable nozzle . All tests were run on the same day in order 
to maintain relatively constant inlet conditions . 
RESULTS AND DISCUSSION 
The performa.nce data obtained as observed and as corrected to 
standard sea - level conditions at engine inlet (519 0 Rand 14.7 lb/sq in . 
absolute) are presented in table I . 
The corrected static thrust, fuel flow, and tail-pipe gas temper -
ature are 6ho~~ as functions of corrected rotor speed in figures 4, 
5, and 6) respecti n ;ly . Part (a) of' each figure presents data for 
various positions of the adjustable nozzle and :Dart (b), for various 
thr oat diameters of the fixed -area nozzles. 
The data presented in figures 4 and 5 are cross-plotted in fig -
ure 7 to provide curves of static thrust against fuel flmr at several 
constant rotor speeds for both the adjustable-area nozzle and the 
fixed-area nozzles . Obviously, the higher the thrust produced at a 
given fuel flow and rotor speed, tho more efficient the nozzle. The 
discharge area of the adjustable nozzle changes from circular in the 
full - open position to ellip.tical in the full - closed position . There 
was a -possibility that this elliptical shape might incur more 1 sscs 
than the circular but figure 7 indicates that the adjustable-area 
nozzle, in all positions, was as efficient as the fixed-area nozzles 
tested . 
Curves of static thr~8t against tail-pipe gas temperature at 
several constant rotor speeds are presented in figure 8 (croos plot 
from figs . 4 and 6) for both the adjustable-area nozzle and the 
flxed -area nozzles . Because the measurements of tail-pipe temper-
ature were less accurate than the fuel -flow data, any slight dis -
cr epBncy betw'3en thG curves o~ figures 7 and 8 may be attributed to 
experimental error; beth figures 7 and 8, however, indicate that the 
adjustable-area nozzle was as efficient as the fixed -area nozzles 
tested . 
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. Figure 9 presents the equivalent throat diameter of a f1xed-
area nozzle corresponding to a given posi t i on of the adjustable-area 
exhaust nozzle . This curve was obtained from the data of figure 5 . 
The fuel flow for a given rotor speed and fixed-area-nozzle diameter 
was found from figure 5(b)j with the same rotor speed and fuel flow, 
the adjustable-nozzle position corresponding to' the given nozzle 
diameter wa s found from the data of figure 5(a) . This procedure was 
repeated until a complete curve was obtained. Although the curve is 
drawn for a constant rotor speed of 14,000 rpm, the variation with 
rotor speed is slight . By means of the adjustable-area nozzle tested, 
an effective -area range could be obtained corresponding to the area 
change accompanying a variation in fixed-area-nozzle throat diameter 
from 11.1 to 12.6 inches. Although the area range possible for a 
nozzle of this type is relatively fixed for a given tail-pipe diameter, 
the upper and lower area limits may be readily varied by altering the 
design of the nozzle and flaps. (See fig . 1. ) 
SUMMARY OF RESULTS 
A comparison of the performance of a l600-pound-thrust centrifugal-
flow-type turbojet engine when equipped with an NACA designed' adjustabl e-
area exhaust nozzle and when equip~ed with a series of fixed-area 
nozzles of various throat di~meters indicates that the adjustable-
area nozzle is as efficient as the fixed-area nozzles tested . 
Aircraft Engine Research Laboratory, 
National Advisory Committee for Aeronautics, 
Cleveland, Ohio , August 16, 1945. 
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Figure I. - Details of NACA designed adjustable-area nozzle and operating linkage. 
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Figure 2. - Details of fixed-area nozzle1. 
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Figure 4. - Variation of thrust with exhaust-nozzle area and rotor 
speed. 
NACA MR No. E5HI6 
.0 
r-I 
.. 
+-> 
III 
~ 
.t: 
+-> 
0 
oM 
+-> 
ttl 
+-> 
III 
't1 
Q) 
+-> 
0 
Q) 
J.4 
J.4 
0 
0 
NATIONAL ADVISORY 
COMMITTEE FO~ AERONAUTICS 
1800 
1 600 
1400 
/ 
1 200 
I / j' 
/ V / / /0 
1000 
V/ V // 
0 1 /0 
V ~I V ~O V / /0 / /-
800 
V/ V V/ t/C Fixed-area- 0 1 /0 ~nozz1e throat ,;' 
diameter V 0' V V ° V (in. ) / /' V~, 
600 
,/rf ~ v: ~ V 11. 5 0 / ' 
12.0 " 0 ~ va 12.5 ,,/ 0'- / 
13.0 ,... 0"" V 
",..-
13.5 
400 
200 11 12 13 14 15 
corrected rotor speed, rpm 
(b) Fixed-area nozzles. 
Figure 4. - Concluded. 
j / 0 
V II 
rl 
d V/ 1-
° 
/0 V VO 
16 x 10 
~-~--·--l 
NACA MR No. E5HI6 
2200 
2000 
1800 
~ 
.0 1600 r-i 
.. 
~ 
r-i 
4-t 
r-i 
Q) 
1400 :j 
..... 
00 
Q) 
~ 
() 
Q) 
~ 
~ 
0 
0 
1200 
1000 
800 
600 
NATIONAL ADVISORY 
COMMITTEE FOR AERONAUTICS 
0' / 
VI 
~I / V~ 0 II; 
V '/ /.01 V / / 
,., V / ~ ~ . Adjustable- / L ~ ~ nozzle position (turns open) 
... 0 V V.: r~ ~o 
0 ~ ~~ V" ~O· 
6 
0'" V V 12 ~ 18 
"/ 
24 
11 12 13 14 15 
corrected rotor speed, rpm 
(a) Adjustable-area exhaust nozzle. 
r./ 
/rl 
~d 
I 
Figure 5. - Variation of fuel flow with exhaust-nozzle area and 
rotor speed. 
I 
J! 
V 
NACA MR No. E5HI6 
NATIONAL ADVISORY 
COMMITTEE FOR AERONAUTICS 
2200 
2000 
/ d 
P // 
Vj 7/1 
/ p 
1800 
/0 / ° V Ii 
/ d // I/;~ ~~ 
Y / V/ ! / J 0 VU V y~ V 
Fixed-area - v: VU / ~c nozzle throat 
-' 
/ 
diameter /:' // ~: ~ (in. ) 
~ 
~ 1 600 
.. g 
r-4 
to.. 
r-4 
aI 
e 1400 
ro 
aI 
~ 
() 
Q) 
J.t 
J.t 
0 1200 (.) 
..,0' ~ ~ ~ ~u 
11.5 
,. ~ ~~ V 12.0 / ...,0' 12. 5 
::::8- /'" 13.0 13 . 5 
. 1000 
800 
600 
11 12 13 14 15 
corrected rotor speed, rpm 
(b) F1xed-area nozzles . 
F1gure 5. - Concluded. 
MACA MR Ho. E5HJ6 
NATIONAL ADVISORY 
COMMITTEE FOR AERONAUTICS 
1800 
1700 
g:. 
.. 
G) 
J.t 
Adjustable- /cI 
nozzle position 
_nV "" / if (turns open) /0 d 0 1 / ::s 1600 
+l 
cIS 
J.t 
,/' / V / /cI V / G) ~ 
QI 
+l 
UJ 1500 
cIS 
tID 
G) 
rJ. 
...-t 
Po 
I 
ri 
...-t 14:00 cIS 
+l 
't1 
QI 
+l 
() 
G) 
0 .....c ,.! / VO 
/d 
V ~ / / /' . 
V " V v ~ V 
---
6 -0 ./C /0 
,~ 
.,/ ~ ___ c ~ 
-
,... 
12 -0· /' / 
~o ~ ~o 
-
..--18 -v I...---"'" 
24 -0 -
J.t 
J.t 1300 0 
0 
1200 
1100 
11 12 13 14 15 
corrected rotor speed, rpm 
(a) Adjustable-area exhaust nozzle. 
Figure 6. - Variation of tail-pipe gas temperature with exhaust-
nozzle area and rotor speed. 
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Figure 6. - Concluded. 
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Figure 8. - Variation of thrust with tall-pipe gas temperature for 
constant rotor speeds. (Cross plot from figs. 4 and 6.) 
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Figure 9. - Variation of equivalent fixed-area-nozzle throat 
diameter with adjustable-nozzle position. Rotor speed, 14,000 rpm. 
